A 3-year-old girl was transferred from an outside hospital to the emergency department after being found shivering and unattended outside of a public shopping area in winter. She presented with decreased mental status and possible hypothermia; she was lethargic and slipped in and out of consciousness. No cause for this alteration in her mental state was obvious; however, a physical examination revealed multiple abrasions and bruises. The patient had a temperature of 37°C, a blood pressure of 134/74 mmHg, a heart rate of 103 beats/min, and a respiratory rate of 24 breaths/min. Computed tomography scans, a skeletal survey, and an ophthalmologic examination did not reveal additional injuries. An intravenous bolus of the opioid antagonist naloxone (Narcan) was administered shortly after her arrival in the emergency department.
drocodone, oxycodone, morphine, hydromorphone, and oxymorphone (100-g/L cutoff). A repeat immunoassay in our laboratory substantiated the original positive opiate result, and further investigation was initiated.
DISCUSSION IMMUNOASSAY CROSS-REACTIVITY
Immunoassays provide a rapid method to screen for the presence of drugs and drug metabolites in urine. Both structurally related and unrelated compounds may cause false-positive assay results by binding nonspecifically to the antibodies used in a particular immunoassay. Therefore, a more specific method must be used in forensic testing to confirm a positive immunoassay result. GC-MS is widely accepted as the gold standard method to confirm the presence of drugs of abuse in urine (1 ) .
The opiate cloned enzyme donor immunoassay (CEDIA) 3 used by the clinical laboratory in this case is designed to produce a positive result when morphine or codeine is present at 300 g/L or greater. Studies performed by the manufacturer, however, have determined that 23 additional compounds may also cause a positive response when present at specific concentrations. Of interest to this case is that the opiate antagonist naloxone reportedly cross-reacts with the assay at a concentration of 6000 g/L.
USE OF NALOXONE IN PEDIATRIC PATIENTS
Naloxone is used in both children and adults for reversal of opioid analgesia and management of opioid overdose. Acting as a competitive antagonist, naloxone binds to and blocks the opioid receptor, leading to withdrawal symptoms in frequent users of opioids (2 ) . In contrast with adults, children almost never exhibit opioid tolerance, so precipitation of withdrawal is not a concern. Additionally, minimal side effects from naloxone use have been reported. Thus, naloxone is often administered prophylactically to children who present in emergent situations with depressed respiratory rates and/or mental status before opioid exposure has been confirmed (3 ) . Naloxone may be administered by an intravenous, intramuscular, intraosseous, subcutaneous, or endotracheal route. When administered intravenously, the onset of action is within 1-5 min, with a duration of 20 -90 min (4 ) . Intramuscular administration causes a delayed onset but a longer duration of action. Because of the rapid onset of action and the ease of titration, intravenous administration is preferred.
The American Academy of Pediatrics recommends an initial dose of 0.1 mg/kg up to a maximum of 2 mg/dose (5 ); however, for treatment of a pediatric opioid overdose, a larger naloxone dose may be appropriate. For children presenting to our institution with suspected opioid overdose, an intravenous dose of 2 mg is commonly used, with repeated doses administered until normal ventilation is restored. Exposure to synthetic or semisynthetic opioids may require even higher naloxone doses for reversal.
CONFIRMATION OF NALOXONE CROSS-REACTIVITY
A cross-reactivity study was conducted to confirm whether the opiate the CEDIA used in our clinical laboratory was capable of detecting naloxone in urine samples. The manufacturer of the opiate immunoassay has reported that 6000 g/L naloxone produced a positive test result at the 300-g/L cutoff. We added purified naloxone (DuPont) to drugfree urine (UTAK Laboratories) at 3000, 4000, 5000, 6000, and 7000 g/L to test for cross-reactivity in that range. Supplemented samples and drug-free urine alone were tested with the opiate immunoassay. With the 300-g/L cutoff, urine samples supplemented with naloxone concentrations between 3000 g/L and 6000 g/L were reported as "not detected," whereas samples containing 7000 g/L naloxone were reported as "opiate positive" (Fig. 1 ). Further studies were completed to define more narrowly the threshold at which naloxone may cause a positive opiate result. Urine was supplemented with naloxone concentrations between 6000 g/L and 7000 g/L (Fig. 1, inset ). Samples supplemented with 6100 g/L of naloxone or greater were reported as "opiate positive" with the opiate CEDIA.
The original urine samples from the case study patient were sent to a reference laboratory to confirm whether naloxone was detectable. Naloxone concentrations were quantified with liquid chromatographytandem mass spectrometry (LC-MS/MS), which detects both conjugated and unconjugated forms of the drug. The earlier urine sample that the immunoassay had reported as "not detected" for opiates, contained 220 g/L total naloxone. The second urine sample, reported as "opiate positive," contained 9900 g/L total naloxone. This naloxone concentration exceeded the 6100-g/L threshold determined by the cross-reactivity study, indicating that the naloxone concentration in this urine sample was sufficient to produce a positive result in the opiate immunoassay screen.
PATIENT FOLLOW-UP
Further review of the patient's medical record revealed that the first intravenous naloxone bolus had been administered minutes before the first urine collection. A 24-h naloxone intravenous drip was then initiated approximately 45 min after that collection. Therefore, very little naloxone, if any, would have been detected in the patient's first urine sample (no opiates detected), and greater amounts would be present in the second urine sample (opiate positive). This drug time course, along with the confirmatory LC-MS/MS test results, implicated naloxone as the agent responsible for the positive opiate results for this patient. The suspicion of opiate ingestion was not pursued further in this particular patient. The lethargy and decreased mental state of the patient, along with the other biochemical changes observed, are consistent with mild hypothermia. The other positive toxicology result, serum acetone, was also suspected to be due to ketoacidosis caused by poor nutrition or mild hypothermia, given the situation in which the patient was found. After treatment in a favorable environment, the patient regained a typical alert status, including eating and communicating.
CLINICAL IMPLICATIONS
The ability of naloxone to cross-react with an opiate immunoassay is an important consideration when testing for the presence of drugs of abuse. Naloxone cross-reactivity with oxycodone immunoassays has also recently been reported (6 ) . This finding is of particular importance in pediatric patients, because of the frequent use of naloxone in this population and the pharmacokinetic differences between children and adults.
This case highlights the importance of the use of confirmatory tests to validate screening results in certain circumstances, in conjunction with a thorough review of the pertinent medical history of the patient. Immunoassay screening results that do not match the patient's clinical picture should be confirmed by GC-MS methods. Unexpected screening results should also be confirmed when medications that metabolize into illicit compounds are concurrently prescribed (e.g., acetaminophen with codeine). Confirmatory methods are commonly warranted when managing suspected drug exposure in infants and neonates because of their inability to access or administer these types of substances on their own. Legally sensitive cases, such as those involving child abuse or neglect, require the accurate results that mass spectrometry methods can provide.
For the patient we have presented, this falsepositive opiate immunoassay result had no further clinical implications. She received treatment based only on her clinical symptoms, and additional intervention was deemed unnecessary. An opiate-positive result in a pediatric patient, however, may lead to unnecessary hospital admission, additional testing, and further investigation. Child protective services would commonly be contacted and become involved in the management of the case. For these reasons, clinicians should be aware that the commonly used opioid antag- onist naloxone can produce false-positive opiate im
POINTS TO REMEMBER
• Immunoassays used to screen for the presence of drugs of abuse may not be specific for the intended drug or class and may cross-react with other prescription and nonprescription drugs.
• Confirmatory testing with a second method with greater analytical specificity and lower detection limits is useful when a screening result is questioned or needs to be verified. Confirmatory testing is commonly required in legally sensitive cases.
• Both screening and confirmatory tests use cutoff concentrations to distinguish between positive and negative results. The results of drug or drug metabolite tests may be truly negative, or the drugs or their metabolites may be present at concentrations below the cutoff value used and thus be reported as negative or not detected.
• Drugs and drug metabolites that share structural similarities with the target compound may cross-react with the antibodies used in screening immunoassays. Crossreactivity experiments may be useful in confirming conflicting clinical results.
• When interpreting toxicology results, clinicians and laboratory scientists should remember that pediatric patients have a different pharmacokinetic profile than adults for many substances.
sult at the 300-ng/mL cutoff appropriate for clinical applications. Opiate immunoassays generally have poor detection for oxycodone and oxymorphone (parent drug and oxycodone metabolite). Thus, separate oxycodone/ oxymorphone-specific immunoassays are required for their detection.
Most clinical laboratories lack the capability to confirm initial drug-positive immunoassay results by GC-MS or LC-MS/MS. Thus, the clinician must interpret these test results in the context of the particular clinical situation. When such test results are confounding or are not compatible with the clinical picture, as illustrated by this case, confirmatory testing may be warranted. Other reasons for confirmatory testing include the detection of drugs of abuse in children, during pregnancy, for organ transplantation candidates, in pain-management programs, and for hospital employee fitness for duty. In such legally or clinically sensitive cases, child custody or access to care or employment may be denied if nonprescribed opiates are present.
The proper interpretation of results of urine tests for drugs of abuse may not be straightforward. Opiates in particular have several potential confounders. Close communication between clinical and laboratory staff is likely to lead to the most appropriate patient care and follow-up. the drug screen. Often, the results for the confirmatory test are not produced a timely fashion. Because treatment of the poisoned patient often does not require an antidote and because many drugs that require antidotes are not found in the point-of-care drug screen, treatment should be based on the presenting toxidrome and not on the drug screen.
